Abstract. Energy consumption in developing countries is sharply increasing due to higher economic growth of industrialization along with population growth and urbanization. This paper provides a multiple linear regression evidence to illustrate the association between final energy consumption and three economic variables. Multiple linear regression analysis was used to obtain a predictive equation and to check for linearity assumption.
Introduction
It is undeniable fact that energy is one of the most basic needs in people's lives and absolutely necessary to uplift the quality of life of the world's population. The importance of energy has been accepted by all as energy uses to promote and leverages the world economically through many economic activities. There are several energy resources on earth likes fossil fuels (coal, natural gas and oil), hydroelectric power, biofuels, nuclear power, solar power, wind power, tidal power, wave power, geothermal power and others. These energy sources will ultimately consumed by end users. The total energy consumed by end users such as households, industry and agriculture is defined as final energy consumption. According to Energy Commission Malaysia [1] , in the year 2013 alone, total energy consumption of Malaysia was 34586 ktoe. It was 25% higher than the consumption in the year 2012. Developing countries such as Malaysia is not exceptional in the need for energy. It is used to overcome the increasing demand of energy consumption, which is supposed to be moved in tandem with the growth of economic activities. Industrialization, population growth and urbanization are among the important variables that lead to expanding demand of energy [2] . Globally, energy demand seems to increase per annum due to anticipated higher Gross Domestic Product (GDP) growth. Apart from that, the transportation and industrial will persist to be the major energy consumers by 41.1% and 38.8% respectively of the total energy demand by 2010 in Malaysia [2] . In other words, energy consumption and economic activities are mutually related and plays a very important role in the economic growth and social development of a country.
It is believed that there are many variables contribute to the final energy consumption. Zhou et al., [3] and Kuo et al., [4] suggested the variables that can be linked to final energy consumption are manufacturing, residential household, agriculture, industrial, commercial, construction, services, and transportation, just to name a few. Furthermore, Zhou et al., [3] mentioned the macroscopic variables such as GDP, population and level of urbanization may influence final energy consumption. In searching for other variables, Kou et al., [4] also included numbers of tourist arrivals as another variable. Some related researches investigate a single variable that may influence final energy consumption. For example, Zhong [5] suggests single variable, namely GDP affects the final energy consumption in China. It is believed that many other variables can also be related to final energy consumption. However, the contribution of each variable towards final energy consumption is hardly be measured. The conclusive association between economic variables and final energy consumption has always become a crucial issue among policy makers. The present study investigates the relationship between three economic variables and final energy consumption using multiple linear regression analysis. A multiple linear regression equation is a linear association between one dependent variable and at least two independent variables.
Related research
Many studies have been conducted to investigate the relationship between variables and energy consumption using wide ranges of approaches from typical statistical methods to intelligent based methods. Kucukali and Baris [6] , for example, introduced the intelligent method fuzzy logic to forecast Turkey's short-term gross annual electricity demand. GDP based on purchasing power parity was the only parameter used in the model. The results show the electricity demand is strongly related with the GDP. In another intelligent based method, Zhong [5] constructed a grey dynamic model to predict the clean energy consumption in China. In the study, the data from year 1995 to the year 2011 was used to make a prediction. The independent variables were GDP and effluent charge, while dependent variable was clean energy consumption. The result showed that GDP and effluent charge affect the clean energy consumption in China, but GDP less affected to the clean energy consumption when compared to effluent charge. Bazmi et al., [7] developed a prediction for electricity demand by using Adaptive Neuro-Fuzzy Network in a case study in Johor, Malaysia. In this case study, they designed an adaptive neuro fuzzy inference system (ANFIS) network to map six independent variables as input variable to electricity demand as output variable. The input variables of the study were economic, demographic and meteorological parameters. Specifically, GDP, employment, industry efficiency, population, minimum average annual temperature and maximum average annual temperature were the input variables.
Besides using the intelligent based methods, there are also a comparative study between intelligent based methods and statistical analysis. Maliki et al., [8] conducted a comparative study to see the performance of Artificial Neutral Network (ANN) and Regression method to forecast the electrical power in Nigeria. In the study, Instantaneous Annual Peak Load Demand and Annual Average Load Demand as input variables (independent variable) whereby the estimated electrical Power Generated as output variable. They compared the performance of ANN and Regression method using Root Mean Square Error (RMSE), Mean Square Error (MSE) and Mean Absolute Error (MAE). The result shows that ANN is a better way in forecasting. In a time series analysis, Kuo et al., [4] analysed the relationship between tourism development, economic growth, CO2 emission and energy consumption using Autoregressive Integrated Moving Average Model (ARIMA). The result indicates that an increase of tourist arrival would raise the energy consumption and emission of CO2, while the increase of visitors results in the rise of GDP. Braun et al., [9] estimated the energy consumption by using Multiple Regression Analysis (MRA). A case study of a supermarket in northern England, United Kingdom was considered in the study. They used two separable input variables which were dry-bulb temperature and relative humidity while energy consumption as output variable. Two data sets from division of input variables were used to generate two equations (electricity and gas) by MRA. The energy consumption from 1961 to 1990 was estimated using the two equations of MRA. Differently from the above related research, this study aims to unravel the relationship between three economic based variables and final energy consumption using multiple linear regressions.
Research framework
In order to achieve the set out objective, three input variables and one output variables are identified. The GDP, population and tourism that represent economic variables are chosen as input variables while final energy consumption as output variable. The choices of these variables are in accordance with several previous studies [4] , [5] . This study employs secondary data collected from World Bank [10] ,[11], Tourism Malaysia [12] , Department of Statistics [13] and Energy Commission [1] websites. Twelve-yearly data from 2001 until 2012 pertaining to the input and output variables are carefully collected and analyzed using multiple linear regressions.
The goal of multiple linear regressions is to allow a researcher estimates the relationship between a dependent variable and several independent variables. Dependent variable also named as predicted while independent variable named as predictor. The end result of multiple linear regression is the development of a regression equation (line of best fit) between the predicted and predictors. The general equation for regression equation can be written as 
Analysis and results
It is recalled that the main objective of this analysis is to establish the association between selected economic variables and final energy consumptions. The analyses are performed according to the following steps.
Step 1: Define the input variables and output variable.
A Multiple linear regression equation is a linear association between one dependent variable (y) and at least two independent variables ( n x ). Therefore, input variables an output variable are defined as, Output Variable: Final energy consumption (y) Input variables: GDP (x1), Population (x2), and Tourism (x3) .
Step 2: Collect and key in the data of input variables and output variable. The yearly data of final energy consumption, GDP, population and tourism of Malaysia from year 2001 until 2012 were collected and analyzed with the help of a statistical software.
Step 3: Compute and interpret the linear relationship between input variables and output variable.
It is assumed that there is an appropriate model in relation to the relationship between variables. The must know term in regression analysis is multiple correlation coefficient ( 2 R ) which is a statistical measure to show how close the data with the fitted regression line [14] . It is also known as coefficient of multiple determinations. Using the collected data, multiple correlation coefficient (R 2 ) of the model is 0.932. It indicates that 93.2% of the variation in the final energy consumption is explained by GDP, population and tourism. Since R 2 is close to 1, therefore the regression equation appeared to be useful for estimation.
Step 4: Test the null hypothesis using F-test, to check whether there is a regression relation between GDP, population, tourism and final energy consumption.
The hypothesis of the multiple linear regression model is stated as follows.
:
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The result of F-test is shown in table 1. It is shown that the value of F is 36.692 and p-value is 0.000. Since p-value is less than 0.05 of significance level,  , then the null hypothesis is rejected. At the 5% significance level, there is enough evidence to statistically prove that at least one of the input variables is useful in predicting the output variable.
Step 6: Determine the regression coefficients, bn and the multiple regression equation. The end result of multiple linear regression is the development of a regression equation (line of best fit) between the predicted and predictors. The analysis is summarized in table 2. 
The equation clearly indicates that the variable population is the most influential variable in predicting the final energy consumption in Malaysia. It can conclude that multiple linear regression model has performed well in predicting the final energy consumption in Malaysia. Hence, the economic variables viz GDP, population and tourism are contributing to the final energy consumption.
Conclusion
The relationship between energy consumption and its related multiple variables is a complicated issue in which a multivariate model must be considered. The purpose of the current study was to determine the relationship between final energy consumption and its multiple economic variables using multiple linear regressions. Three variables were identified as the input variables that could be used to predict the final energy consumption. The eight steps of multiple linear regression analysis were employed in this investigation. This study found that generally, all the three variables, viz., GDP, population and tourism were contributed to the final energy consumption. However, the major finding was the establishment of the most influential factor to the final energy consumption. The result suggests that the most influential variable in final energy consumption is population. This research has served as a basis for future studies where more input variables could be taken in account together with longer time series data. The research was limited in several ways. First, the research used a secondary data that believed to be accurate and trusted. The method used was a linear model in which a linearity assumption was tested. This linearity assumption may undermine the nature of secondary data which sometimes exhibits nonlinear characteristics. This is just a piece of preliminary study where further experimental investigations are needed in future particularly in comparing the accuracy of the multiple linear regression model with other non-linear models.
